To clarify the mechanism responsible for age-related differences in tolerance to digitalis, we studied the potassium contents of serum and myocardium and the digoxin concentrations of serum, myocardium, and myocardial microsomal fraction in infant and adult rats. While serum potassium concentration was the same in both infant and adult rats, the potassium content of myocardium found in the infant rats was significantly higher than that in the adult ones. Digoxin concentration of serum in infant rats was lower than that in the adult ones after a bolus injection of the same dose of digoxin per kilogram of body weight was given. Digoxin concentration of microsomal fraction, obtained 1 hour after the administration of 0.2mg/Kg of digoxin in infant rats, was lower than that obtained 1 hour after the administration of 0.1mg/Kg of digoxin in adult ones even though the digoxin concentrations of serum and myocardium in infant rats were significantly higher than those obtained in adult ones. Thus, less sensitivity to digitalis found in infant rats may be attributable to the higher potassium content of myocardium and the lower digoxin concentration of microsomal fraction.
SUMMARY
To clarify the mechanism responsible for age-related differences in tolerance to digitalis, we studied the potassium contents of serum and myocardium and the digoxin concentrations of serum, myocardium, and myocardial microsomal fraction in infant and adult rats. While serum potassium concentration was the same in both infant and adult rats, the potassium content of myocardium found in the infant rats was significantly higher than that in the adult ones. Digoxin concentration of serum in infant rats was lower than that in the adult ones after a bolus injection of the same dose of digoxin per kilogram of body weight was given. Digoxin concentration of microsomal fraction, obtained 1 hour after the administration of 0.2mg/Kg of digoxin in infant rats, was lower than that obtained 1 hour after the administration of 0.1mg/Kg of digoxin in adult ones even though the digoxin concentrations of serum and myocardium in infant rats were significantly higher than those obtained in adult ones. Thus, less sensitivity to digitalis found in infant rats may be attributable to the higher potassium content of myocardium and the lower digoxin concentration of microsomal fraction. digitalis per kilogram of body weight and one could account for this difference by the fact that young subjects had larger plasma volume and interstitial fl uid space than did adult ones. Berman et al7) also reported that levels of digoxin in plasma and tissue differed between fetal and adult sheep, while at the same time the tissue-plasma ratios were similar. They also studied the relationship of pre-ejection period-left ventricular ejection time ratio (PEP/ ET) and the prolongation of the PR interval to concentrations of digoxin in plasma taken from fetuses and ewes and concluded that age-related differences in inotropic and toxic effects of digoxin were related to differences in response to the drug rather than drug kinetics. They suggested that these age-related variation might be due to differences in sensitivity of the target organs to the drug such as variety of myocardial receptor affinity for digitalis or myocardial receptor density. In order to clarify one aspect of this unsolved problem, we studied potassium concentrations in serum and myocardium, digoxin concentrations in serum, myocardium, and especially in microsomal fraction which might contain cardiac digitalis receptors in both infant and adults rats.
METHODS
Three-week old infant Wistar rats weighing 50-60Gm and 8-week old adult ones weighing 200-330Gm were used in this study. Experiment 1; Tolerance to digoxin was examined in 10 infant and 10 adult rats by intraperitoneal injection of large dose of digoxin (5mg/Kg). The electrocardiograms were recorded before and after the digoxin injection in some of these animals. Survival rate in each group was observed. Experiment 2; Potassium concentrations in serum and myocardium and water content in myocardium were determined in 8 infant and 8 adult rats in control condition without any administration of digoxin. Experiment 3; Digoxin concentration in serum and myocardium was determined after injection of digoxin. Digoxin of 0.1mg/Kg was injected intraperitoneally. They were decapitized 30, 60, 90, 120, and 150min after inejection and the digoxin concentration in the serum was determined. Sixty min after injection, the digoxin concentration of myocardium was also determined in 8 infant and 13 adult rats. In addition, digoxin of 0.2mg/Kg was administered intraperitoneally and the digoxin concentration in the serum and myocardium was measured 60min after the injection in 9 infant rats. Experiments 4; Digoxin concentraiton was determined in the microsomal fraction of myocardium after injection of digoxin. Digoxin of 0.2mg/Kg and 0.1mg/ Kg was injected intraperitoneally in 27 infant and 18 adult rats, respectively. They were decapitized 60min after the injection. Their hearts were used for determination of digoxin concentrations in microsomal fraction. Because the hearts were not large enough to obtain a sample for the measurement of microsomal fraction, every sample was composed of 3 hearts in infant rats and 2 hearts in adult ones. Digoxin concentration in microsomal fraction was determined in 9 samples in each group. protein determination by Lowry's method.11) Other representative samples were evaporated a to dryness using vacuum evaporator and resuspended in Tris-buffer (pH 7.4) containing 5% bovine serum albumin. Digoxin concentrations were measured by using radioimmunoassay kit labelled by 125I (Abbott Laboratory). Assays were performed in duplicate. Preliminary experiments were performed and the variation between repeated determinations of digoxin in serum and Tris-buffer containing 5% bovine serum albumin was less than 5%.
Statistical analysis:
Student's t-test was used for statistical analysis.
RESULTS

Tolerance to digoxin
While no infant rat died by intraperitoneal injection of digoxin of 5mg/ Kg, 8 out of 10 adult rats died by injection of the same dose of digoxin. A series of electrocardiograms, taken from a rat which died after injection of digoxin, are shown in Fig. 2 . In this case, sinus bradycardia and the pro- Fig. 3 . After a dose of 0.1mg/Kg of digoxin, the average value of the serum digoxin concentration in adult rats remains higher than that in infant rats, although both curves have almost the same shape.
Jpn. Heart J. November, 1980 Table II NS=not significant: SD=standard deviation. Fig. 4 . The digoxin concentrations in serum and myocardium in infant rats are significantly lower than those in adult ones, but the myocardiumserum ratios are the same in both infant and adult rats. in the adult rats. But there was still no significant difference in the myocardium-serum ratios of the infant and adult rats (Fig. 5) . 4. Digoxin concentration in microsomal fraction of myocardium In order to obtain almost the same levels of serum and myocardial digoxin concentrations as those in adult rats given 0.1mg/Kg of digoxin, 
